Introduction
Nonalcoholic fatty liver disease (NAFLD) is known as the hepatic manifestation of metabolic syndrome and insulin resistance. 1 NAFLD currently affects about 25.24% of adults and 7.6% of children in the general population, whereas obese adults and children contribute to 51.34% and 34.2% of worldwide predominance, respectively. 2, 3 NAFLD includes a wide spectrum of hepatocellular damage in the absence of excessive alcohol intake, from simple steatosis (nonalcoholic fatty liver [NAFL] ) to steatohepatitis (nonalcoholic steatohepatitis [NASH] ) that can progress to fibrosis in 64.2% of cases. 4, 5 The progression rate of fibrosis is predicted to be 0.07 and 0.14 stage/year in NAFL and NASH patients, respectively. 5 To date, several therapeutic agents, such as pioglitazone and vitamin E, have been proposed for the treatment and prevention of hepatic steatosis and steatohepatitis in NAFLD, but their efficacy and safety are still controversial. 6, 7 It is well established that NAFLD is a multifactorial disorder which could be driven by the interaction between genome and environmental factors. Diet as the submit your manuscript | www.dovepress.com
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Soleimani et al main modifiable environmental factor has a causative role in NAFLD occurrence. 8 A growing body of research has examined the relationship between the disease and individual dietary components. However, this approach discards many aspects of diet such as the interaction and cumulative effects of nutrients or foods ingested together. 9 Currently, ''dietary pattern analysis'' is determined as a complementary approach to investigate overall dietary impact and overcome these limitations. Furthermore, dietary patterns are suggested to be easier for the public to translate into a realistic dietary intake and nutritional strategies. 10 Thus, identifying the relationship between dietary patterns and features of NAFLD could be valuable to address the issue in these patients.
Recent studies reported that improving adherence to healthy dietary patterns such as ''Mediterranean'' and ''Dietary Approaches to Stop Hypertension'' diet, which are highlighted on whole grains, low-fat dairy products, vegetables, and fruits, may have inverse association with hepatic steatosis and steatohepatitis in NAFLD patients. 11, 12 Also, another study showed that the Mediterranean diet intervention could improve the hepatic steatosis. 13 Conversely, unhealthy dietary patterns, such as Western food style, which emphasizes on the high intake of red meat, soft drinks, refined grains, high-fat dairy products, and processed meat, were positively associated with NAFLD incidence. 14 Regardless of current extensive clinical and epidemiological studies, however, the evidence on the relation between dietary patterns and the risk of hepatic fibrosis among NAFLD is limited. Considering the high risk of fibrosis progression and the important role of diet in NAFLD pathogenesis or even treatment, the aim of the present study was to identify the relationship between major dietary patterns and risk of hepatic fibrosis among patients with NAFLD.
Subjects and methods Subjects
This cross-sectional study was carried out among patients with NAFLD in Mashhad, Iran. Participants were recruited from consecutive outpatients who attended the gastrointestinal clinic at Imam Reza hospital from August to October 2018. One hundred and seventy eligible patients were needed to be included in the final analysis according to previous recommendations for factor analysis in which ten subjects were needed for each food group. 15 The inclusion criteria for participation in the study were as follows: 1) adult patients aged between 20 and 60 years; 2) the recent diagnosis of hepatic steatosis (in the last 6 months) with imagining techniques; 3) no significant alcohol consumption; 4) no other secondary causes of hepatic steatosis (eg, hepatitis B and C virus, autoimmune hepatitis, hemochromatosis, Wilson's disease, or hepatotoxic and corticosteroid medications); and 5) no change in eating behaviors since NAFLD diagnosis. The current study was conducted in accordance with the Declaration of Helsinki, and all patients completed the informed consent form. The study protocol was also approved by the Ethics Committee of Mashhad University of Medical Sciences, Mashhad, Iran (Number: IR.MUMS. MEDICAL.REC.1397.121).
Dietary assessment
Dietary information was obtained by three 3-day dietary records (3-DRs) during a 1-month period. All eligible patients were instructed to complete 3-DRs during consecutive days. A dietician calculated the amount of food items using Iranian household measures. Then, each food item was converted to a value of energy and other nutrients using Nutritionist IV software (N-Squared Computing, Salem, OR, USA). Dietary intake data were excluded in the final analysis if the energy intake was not within the normal range (800-4,200 kcal/day). To obtain dietary patterns, food items were assigned into main food groups according to their nutritional similarities or culinary usage. We also considered some food items (tea, potato, and egg) as separated food groups because of specific nutrition profiles. Seventeen food groups were included in factor analysis (Table S1 ).
Transient elastography
Hepatic fibrosis was evaluated using Fibroscan machine (Echosens, Paris, France), as a noninvasive technique with high intra-/inter-observer agreement. 16 Liver stiffness measurements (LSMs) were taken with the use of M probe of Fibroscan at fasting state with the supine position on the right lobe of the liver. All measurements were performed by one expert radiologist with one Fibroscan device at the same center. Each patient underwent one set of transient elastography examination. Only those examinations were considered reliable which had at least ten valid LSMs with their interquartile range/median ratio less than 30%. 16 The median value of LSMs more than 5.3 kPa was considered as the optimal cut-off point (area under the receiver operating characteristic curve=0.879) for predicting hepatic fibrosis according to Meta-analysis of Histological Data in Viral Hepatitis classification. 17 Also, Fibroscan machine with the implement of controlled attenuation parameter (CAP) is able to quantify the hepatic steatosis. Accord- 
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Biochemical assessment
Blood specimens were taken from all patients after a 10-hour overnight fast. Serum samples were obtained from the coagulated blood after centrifugation and were immediately stored at −20°C until their analysis. Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), total cholesterol, triglycerides (TG), and fasting blood sugar were assayed photometrically with the use of commercial kits (Pars Azmoon, Tehran, Iran). We also measured the serum insulin level by the commercial kit (Commercial ELISA kit; Monobind, Lake Forest, CA, USA) and calculated insulin resistance using the homeostasis model assessment for insulin resistance according to the formula:
Other risk factors assessment
Anthropometric assessment was administered by an expert nutritionist. Weight and height were measured to calculate body mass index (BMI). Body weight was measured on a digital scale (Seca 704, Germany) to the nearest 0.1 kg with the subjects in light clothing and without shoes. Height was measured to the nearest 0.1 cm by means of a stadiometer attached to the wall. Then, BMI was calculated as weight (in kilograms) divided by the square of the height (in meters). The body fat mass was measured at the standard condition with Bioelectrical Impedance Analysis system (Tanita BC-418; Tanita Corporation, Tokyo, Japan). Furthermore, waist circumference (WC) was measured with a flexible tape to the nearest 0.1 cm at the minimum circumference between the iliac crest and the rib cage. A self-administered questionnaire was used to assess socio-demographic characteristics and medical history. The intensity of physical activity (metabolic equivalent) was calculated by the use of the International Physical Activity Questionnaire according to its guideline.
Statistical analysis
Data were analyzed with SPSS software version 16.0 (SPSS, Inc., Chicago, IL, USA). The normal distribution of continues variables was assessed with the Kolmogorov-Smirnov test. The independent-sample t-test (for normally distributed variables), Mann-Whitney U test (for abnormally distributed variables), and chi-squared test (for categorical variables) were performed to compare the general characteristics according to hepatic fibrosis status. Multivariable-adjusted OR obtained from the logistic regression model was used to determine the association between food groups and hepatic fibrosis.
Factor analysis was applied to extract dietary patterns from 17 food groups. The intercorrelation among food groups was determined with the Kaiser-Meyer-Olkin and Bartlett's sphericity test. The number of retained dietary patterns was decided by the eigenvalue more than 1.5 and shape of scree plot based on a previous study. 19 These retained dietary patterns were rotated with Varimax rotation test in order to make an easier interpretation. The scores of each dietary pattern were computed by summing up intakes of all food groups weighted by their factor loadings. The components of each dietary pattern were determined according to the rotated factor loading (absolute) more than 0.3. We also categorized patients to low, medium, and high adherence to each dietary pattern based on tertiles of dietary pattern scores.
Age-, gender-, and energy-adjusted mean of nutrient intakes across tertiles of each dietary pattern was compared using the analysis of covariance. Furthermore, Bonferroni's post hoc test was used to make a comparison between the first and last tertile. The association of dietary patterns with hepatic fibrosis status was determined using the binary logistic regression. We defined three models to compute multivariable-adjusted ORs. The first model was adjusted for age, gender, BMI, WC, smoking (yes, no), diabetes, education (categorical), and anti-diabetic medication (yes, no) and dietary supplement use (yes, no). The second model was further adjusted for hepatic steatosis status (categorical). Finally, the third model was additionally adjusted for the physical activity (metabolic equivalent hours/week) and energy intake.
Results
Two hundred and twenty-two (74%) of the 300 patients enrolled in this study met all the inclusion criteria, of whom 189 eligible participants returned the completed 3-DRs (response rate: 85.1%) and underwent assessment phase. Among transient elastography examinations, 3.2% of them had poorly reliable results. A total of 170 eligible participants with reliable data for all measurements were included in factor analysis ( Figure 1 ).
General characteristics of NAFLD patients according to hepatic fibrosis status are presented in Table 1 . The rate of diabetes and severe steatosis was significantly higher in the patients with fibrosis than those without fibrosis. The patients with hepatic fibrosis showed a significantly lower educational level than those without fibrosis. In patients with fibrosis, a significantly higher mean of weight, BMI, AST, ALT, GGT, TG, WC, and body fat mass was observed as compared to patients without fibrosis (P<0.05). No statistically significant difference was observed in other parameters between both groups. The factor loading matrix of dietary patterns is presented in Table 2 . Three major dietary patterns were identified using factor analysis with a Kaiser-Mayer-Olkin criterion 0.600 and Bartlett's sphericity test <0001. The first dietary pattern explaining 14.89% of total variance was labeled as Western, comprising high intake of red and white meats, refined grains, potato, eggs, and soft drinks. The second dietary pattern explained 9.57% of total variance and was labeled as Iranian, comprising high intake of high-fat dairies, refined grains, white meat, legumes, tea and coffee, sugars, and hydrogenated fats. The third dietary pattern explaining 8.51% of total variance was labeled as healthy, comprising high intake of low-fat dairies, white meat, vegetables, fruits, nuts, and vegetable oils.
Multivariable-adjusted risk of hepatic fibrosis across tertiles of food groups is illustrated in Figure 2 . A significantly higher risk of fibrosis was observed in the highest tertile of red meat (OR: 2.19; 95% CI: 1.21-3.74), hydrogenated fats (OR: 2.58; 95% CI: 1.48-4.98), and soft drinks (OR: 2.21; 95% CI: 1.15-4.23), as compared to the lowest tertile. In contrast, the patients in the highest tertile for coffee and tea intake showed a significantly lower risk of fibrosis (OR: 0.38; 95% CI: 0.17-0.71) than those in the lowest tertile. The other food groups showed no significant association with hepatic fibrosis. Further details are provided in Table S2 .
Multivariable-adjusted means for dietary intakes across tertiles of dietary pattern scores are displayed in Table 3 . In the Western dietary pattern, participants with higher adherence had higher intakes of energy, total fat, saturated fatty acids (SFAs), and monounsaturated fatty acids (MUFAs), but lower intakes of protein, carbohydrate, vitamin C, and dietary fiber. However, we observed no significant difference in the unsaturated to saturated fatty acids ratio across the tertiles of this pattern. Higher adherence to Iranian dietary pattern was associated with higher intakes of energy, carbohydrate, and protein. A significant downward trend was shown in the intakes of total fat, MUFAs, and SFAs with increasing adherence to this pattern. The ratio of unsaturated to saturated fatty acids showed no significant differences across the tertiles of this pattern. In contrast with other patterns, there was no increase in energy intake with increasing adherence to healthy dietary pattern. However, subjects in the high tertile of healthy dietary pattern consumed more amounts of protein, fiber, vitamin E, and vitamin C, but less carbohydrate, as compared to subjects in the low tertile of this pattern. The risk of hepatic fibrosis across tertiles of the dietary pattern scores is presented in Table 4 . The adherence to Western dietary pattern did not show statistically significant association with hepatic fibrosis. But, this association became statistically significant after adjustment for confounding factors. In the first model, high adherence to the Western pattern was associated with higher odds of fibrosis (OR: 2.38; 95% CI: 1.12-5.63) than low adherence. In the second model, following further adjustment for hepatic steatosis status, a significant upward trend in the odds of fibrosis was seen with increasing the adherence to this pattern (P-trend <0.05). Conversely, the adherence to the healthy pattern was associated with a decreased risk of hepatic fibrosis. The subjects with high adherence to this pattern had lower odds of hepatic fibrosis (OR: 0.43; 95% CI: 0.19-0.97) compared to those with low adherence. The strength of this negative association increased with further adjustment for confounding factors, such as hepatic steatosis. There was no significant association between Iranian dietary pattern and hepatic fibrosis not only in crude model but also in adjusted models.
Discussion
Three major dietary patterns were extracted in the current study, including Western, Iranian, and healthy. The adherence to the healthy pattern was inversely associated with hepatic fibrosis, whereas the Western pattern showed a positive association. Furthermore, intake of tea and coffee showed a protective role in hepatic fibrosis. To the best of our knowledge, the current study is the first to investigate Our findings showed a significant association between hepatic fibrosis and severity of steatosis. It is well established that this relationship might be mediated by hepatic inflammation. Hepatic fat accumulation induces inflammation in hepatic cells which is the important mediator of fibrogenesis. 8, 20 It needs to note that the relationship between dietary patterns and hepatic fibrosis might be mediated by hepatic steatosis. Hence, hepatic steatosis status is considered as a potential confounder in studies of diet and hepatic fibrosis.
The components of prudent and Western dietary patterns in the "Health Professionals Follow-up Study" and healthy and Western dietary patterns in the "Swedish Mammography Cohort Study" showed similarities with the healthy and Western dietary patterns identified in our data. 21, 22 Therefore, healthy and Western (unhealthy) dietary patterns are likely to be similar among different populations which have shown to follow the same trends.
The healthy dietary pattern in our study included a high intake of low-fat dairies, white meat, nuts, vegetables, fruits, and vegetable oils. The adherence to this pattern was associated with lower risk of hepatic fibrosis. This relationship might be mediated by the healthy lifestyle factors related to this pattern. However, this association remained significant after adjustment for potential confounders, such as physical activity and smoking, and educational status. It needs to note that more tendencies toward healthier foods are observed subsequent to intermediary events related to NAFLD such as dyslipidemia, diabetes, and obesity. This phenomenon would tend to weaken the association between the healthy dietary pattern and fibrosis. Data on the association between dietary pattern and risk of hepatic fibrosis are sparse. In accordance with our findings, Katasagoni et al observed that adherence to a healthy dietary pattern (low-fat dairies, vegetables, and fish) combined with optimal sleep duration shows an inverse association with liver stiffness. 23 Interestingly, in spite of the healthy dietary pattern, the food groups in this pattern individually showed no association with the risk of hepatic fibrosis. Therefore, the association between healthy dietary and hepatic fibrosis could be attributable to cumulative effects of foods in this pattern. The healthy dietary patterns focus mainly on plant-based foods and white meat. These foods contain a variety of nutraceuticals such as phytosterols, polyphenols, and omega-3 fatty acids which could downregulate hepatic inflammation through antioxidant and anti-inflammatory properties. [24] [25] [26] The Western dietary pattern derived from our data included a high intake of refined grains, potato, red meat, white meat, eggs, and soft drinks. This pattern was associated with an increased risk of hepatic fibrosis. This association remained significant after adjustment for steatosis status, indicating that Western pattern acts directly on hepatic fibrogenesis. It is well established that refined grains, soft drinks, and red meat are associated with features of NAFLD. 14, 27 Among them, we observed that red meat and soft drinks were associated with an increased risk of hepatic fibrosis independent of steatosis. Red meat is a rich source of cholesterol and 
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Soleimani et al long-chain saturated fatty acids (palmitate and stearate), and a poor source of antioxidants and dietary fiber. On the other hand, soft drinks are considered to be one of the rich sources of fructose in Western diets and have an important role in the pathogenesis of NAFLD, independent of other risk factors. Katasagoni et al reported that the adherence to unhealthy dietary pattern with high consumption of high-fat dairies, refined cereals, potato, and red meats with television viewing had no association with liver stiffness. 23 This inconsistency with our results may be due to the inclusion of soft drinks in the Western pattern derived in our data, while no soft drink intake was found in the study reported by Katasagoni. In this regard, Abdelmalek et al observed that large consumption of fructose had a positive association with the fibrosis severity among NAFLD patients. 28 It is suggested that the Western dietary pattern, with its pro-inflammatory properties, could promote hepatic inflammation and fibrogenesis through the Kupffer cells and hepatic stellate cell activation. 8, 29 The Iranian dietary pattern in our study included a high intake of high-fat dairies, refined grains, legumes, white meat, sugars, coffee and tea, and hydrogenated fats. This pattern was similar to Iranian dietary patterns identified in other studies in the Iranian population. [30] [31] [32] Unlike our expectation, the adherence to this pattern was not associated with an increased risk of hepatic fibrosis. This finding can be associated with the natural complexity of the Iranian dietary pattern which is loaded with both healthy and unhealthy foods. Present evidence indicates that hydrogenated fats, sugars, and refined grains have been linked with features of NAFLD. 27, 33 However, our data elucidated that only hydrogenated fats were associated with an increased risk of hepatic fibrosis independent of hepatic steatosis. Hydrogenated fatty acids are the main source of trans-fatty acids in the Iranian regimes. Trans-fatty acids in addition to insulin resistance could induce oxidative stress which is the main contributor to hepatic fibrosis via the activation of hepatic stellate cells and Kupffer cells. 34, 35 On the other hand, the Iranian dietary pattern emphasizes on tea and coffee consumption, which potentially contain a wide variety of antioxidant compounds. Our results reproduce other reports that coffee and tea consumption is associated with a lower risk of hepatic fibrosis. 36, 37 Therefore, consumption of tea and coffee could interfere with hydrogenated fats in this pattern and counteract with their effects on liver fibrosis. In accordance with our finding, Esmaillzadeh et al observed that the Iranian dietary pattern, which emphasizes on refined and whole grains, potato, hydrogenated fats, legumes, teas, and broth, had no association with NAFLD risk factors. 31 The limitations involved in the present study were as follows: first, cross-sectional studies (such as the current research) are unable to infer the causal relationship between diet and diseases. Therefore, our findings need to be evaluated in the prospective cohort studies. Second, three 3-DRs might be insufficient for evaluation of usual intakes but could measure the actual intakes and eliminate recall error. Third, the factor analysis method is implemented with several arbitrary decisions such as food grouping, the number of retained factors, type of rotation, and the naming of factors. However, it is important to note that factor analysis has been proved as a suitable and acceptable method in the extraction of dietary patterns for studying the diet-disease association.
10
Conclusion
The current study showed that the adherence to the healthy dietary pattern which emphasizes high intake of low-fat dairies, white meat, nuts, vegetables, fruits, and vegetable oils combined with coffee and tea consumption might be helpful in the nutritional strategies against hepatic fibrosis. In future studies, the addition of eating behaviors and sleeping habits in the analysis of dietary patterns is recommended. 
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